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STABILIZATION OF MIXTURES OF
CHLORINATION OF
PHENOL/CHLOROPHENOLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

Our copending applications, Ser. No. 100,783 and
Ser. No. 101,013, filed concurrently herewith and both
assigned to the assignee hereof.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to the stabilization of

10

reaction mixtures produced during the chlorination of 1°

‘phenol and/or chlorophenols into tri-, tetra- and penta-
chlorophenols.

2. Description of the Prior Art

During the chlorination of phenol, monochloro-
phenols and dichlorophenols to produce trichlorophen-
ols, tetrachlorophenols or pentachlorophenol, chlorina-
tion mixtures are obtained which are colored and which
change upon passage of time. Thus, even during cold
storage, an increase in the level of chlorophenoxy-

20

phenols and a change in the concentration of certain of 25

- the chlorophenols are observed, in particular. |
When such chlorination mixtures are distilled, the
distillation products also reflect this instability.
In these chlorination mixtures, the present applicants
have now determined that the presence of unsaturated
cyclic ketones containing a gem-dichloro substituent

appears to be the source of the change, or instability, in
these mixtures.

SUMMARY OF THE INVENTION
Accordingly, a major object of the present invention
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1s the provision of improved means for avoiding the

problem of instability of chlorination mixtures of the
aforesaid type.

Briefly, the present invention features the stabiliza-
tion of reaction mixtures produced via the chlorination
of phenol and/or chlorophenols, by stirring such mix-
tures in the presence of an effective stabilizing amount
of at least one strong protonic acid and/or a Lewis acid.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

More particularly according to the present invention,
by “strong protonic acid” there is intended a protonic
acid having an acidity function Ho of less than or equal
to —J.

Exemplary of such strong protonic acids, representa-
tive are sulfuric acid, perchloric acid, trifluoromethane-
sulfonic acid, chlorosulfonic acid, fluorosulfonic acid,
pyrosulfuric acid and also acidic resins containing
fluorosulfonic functional groups.

The term “‘strong protonic acids” also includes the
acid forms of the aluminosilicates, the acid forms of the
clays, and of the silicas.

Among the acid aluminosilicates, the zeolites and
molecular sieves are particularly representative, and
among the acid clays, the bentonites are similarly partic-
ularly representative.

By “Lewis acid”, there is intended its usual definition,
l.e., compounds which accept electron pairs.

Those Lewis acids noted in the text edited by G. A.
OLAH “Friedel-Crafts and related Reactions”, Volume
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I, pages 191 to 197 (1963), are particularly representa-
five.

Lewis acids suitable for use in the process of this
invention are more especially the halides of the ele-
ments of Groups 3a, 4a, 5a, 1b, 2b, 3b, 4b, 5b, 6b, 7b and
8 of the Periodic Table which are liquid or solid under
the subject operating conditions, such as chlorides,
bromides, fluorides and iodides of aluminum, gallium,
tin, phosphorus, antimony, arsenic, bismuth, titanium,

~ tantalum, tellurium, selenium, zirconium, hafnium, va-

nadium, samarium, niobium, tungsten, platinum, molyb-
denum, iron, cobalt, nickel, zinc and cadmium.

As specific examples of such halides, representative
are aluminum chloride, aluminum bromide, ferric chlo-
ride, ferric bromide, titanium tetrachloride, zirconium
tetrachloride, platinum chloride, vanadium trichloride,
samartum chloride, tellurium chloride, selenium chlo-
ride, antimony pentafluoride, bismuth trichloride, stan-
nic chloride, gallium trichloride, hafnium tetrachloride
and phosphorus tribromide.

Certain of the Lewis acids, the chlorides of the ele-
ments mentioned above, can be prepared in situ by
introducing the said element into the chlorination mix-
fure.

The gem-dichlorinated unsaturated cyclic ketones
are principally gem-dichlorinated cyclohexadienones
incidentally containing 1, 2, 3 or 4 other chlorine atoms
on different carbon atoms of the benzene ring, and gem-
dichlorinated cyclohexenones also incidentally contain-
ing 1 to 6 other chlorine atoms on different carbon
atoms of the benzene ring.

These are, on the one hand, 4,4-dichloro-2,5-
cyclohexadienones and 6,6-dichloro-2,4-cyclohexadie-
nones containing, in addition, 1 to 4 chlorine atoms.

Exemplary of the principal such gem-dichlorinated
cyclohexadienones, representative are: |
6,6-dichloro-2,4-cyclohexadienone,
4,4-dichloro-2,5-cyclohexadienone,
2,4,4,6-tetrachloro-2,5-cyclohexadienone,
2,4,6,6-tetrachloro-2,4-cyclohexadienone,
2,3,4,4,6-pentachloro-2,5-cyclohexadienone,
2,4,5,6,6-pentachloro-2,4-cyclohexadienone,
2,3,4,6,6-pentachloro-2,4-cyclohexadienone,
2,3,4,4,5,6-hexachloro-2,5-cyclohexadienone, and
2,3,4,5,6,6-hexachloro-2,4-cyclohexadienone.

These are, on the other hand, 2,2-dichloro-3-
cyclohexenones, 6,6-dichloro-2-cyclohexenones, 4.4-
dichloro-2-cyclohexenones and 6,6-dichloro-3-
cyclohexenones containing, in addition, 1 to 6 chlorine
atoms.

Exemplary of the principal such gem-dichlorinated
cyclohexenones, representative are: |
2,4,5,6,6-pentachloro-2-cyclohexenone,
2,4,4,5,6,6-hexachloro-2-cyclohexenone,
2,2,4,5,6,6-hexachloro-3-cyclohexenone,
2,4,4,3,35,6,6-heptachloro-2-cyclohexenone,
2,2,3,4,5,6,6-heptachloro-3-cyclohexenone,
2,3,4,4,5,5,6-heptachloro-2-cyclohexenone,
2,3,4,4,5,6,6-heptachloro-2-cyclohexenone,
2,3,4,4,5,5,6,6-octachloro-2-cyclohexenone, and
2,2,3,4,5,5,6,6-octachloro-3-cyclohexenone.

The temperature at which the mixture that is pro-
duced by the chlorination of phenol and/or chlorophe-
nols and the strong acid or acids and/or Lewis acid or
acids is stirred varies over wide limits, for example,
from 20° C. to 200° C.
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Preferably, however, in order to effect good reaction,
- the temperature will range from 40° C. to 180° C. and
more preferably from 60° C. to 150° C.

The duration of the treatment is highly variable de-
pending upon the temperature, the amount of gem-
dichlorinated cyclic ketones present in the mixture and
the strong acid or Lewis acid employed. It may vary,
for example, from a few minutes to several tens of
hours.

In general, it ranges from 1 hour to 15 hours, al-
though these figures are not of critical importance.

The amount of strong acid and/or Lewis acid de-
pends, quite obviously, on the content of gem-
dichlorinated cyclic ketones in the mixture and on the
nature of which. These ketones are generally assayed in
the mixture by liquid chromatography using double
detection: an ultraviolet detector for all of the com-
pounds in the mixture collectively, and an electrochem-
ical detector specifically for the gem-dichlorinated cyc-

3
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lic ketones; or by an overall assay using electrochemis- 20

4
(1) 2,4,6-trichlorophenol: 1.97 g (0.010 mole);
(i) 2,4,4,6-tetrachloro-2,5-cyclohexadienone: 0.23 g

(0.001 mole);

(iii) acid compound: amount shown in Table I.

The mixture was heated under stirring for 8 hours
(except for Example 16, in which the duration was 24
hours) at 70° C. (except for Example 15, in which the
temperature was 125° C.).

The reaction mass was analyzed by liquid chromatog-
raphy, using double detection with UV (totality of the
chlorinated compounds) and amperometry (gem-
dichlorinated unsaturated cyclic ketones). |

Under the same conditions, a control test was per-

formed with the same charges, except for the acid com-

pound.

Table I below reflects the nature and the amount of
acid compound used, as well as the results of the analy-
ses performed after the treatment.

% DC=degree of conversion.

% YLD =yield with respect to the chlorocyclohexa-

try. dienone converted.
TABLE I
% DC of the YLD of 2,4,6- YLD of Chlorophenoxy-
Acid compound: chlorocyclo- trichloro- % YLD of 2,3,4,6- pentachloro- phenols
TEST amount used hexadienone phenol tetrachlorophenol phenol (in mmol)
Control A None 2 0 0 0 0
Example I CF3803H: 2.5 mmol 100 0 78.4 0 0
Example 2 CF3SO3H: 0.48 mmol - 100 0 78.4 0 0
Example 3 CF3503H: 0.13 mmol - 100 0 72.3 0 0
Example 4 AlCl3: 2.5 mmol 100 0 78.7 0 0.325
Example 5 AICl3: 0.031 mmol 100 0 64.9 0 0
Example 6 AICl3: 0.31 mmol 100 0 71.3 0 0
Example 7  ZrCls: 2.5 mmol 100 0 100 0 0
Example 8 SiO3: 2.5 mmoi 33 0 23 0 0
Example 9 bentomte: 0.25 g 66 0 17 0 0
dried 6 hr at 200° C. |
Example 10 Te: 0.50 mmol 100 0 9% 0 0.37
Example 11 ZrCly: 2.5 mmol 100 0 100 -0 0.37
Example 12 Se: 2.5 mmol 100 0 36 0 0.37
Example 13 PtCly: 2.5 mmol 100 0 89 0 0.24
Example 14 VClj3: 2.5 mmol 74.3 0 16 0 0
Example 15 SmCl3.6H;O: 93 0 364 0 0
2.5 mmol
Example 16 Si0O3: 2.5 mmol 73 0 57 0 0.06
To attain good stabﬂg:atlon of the chlorination mix EXAMPLES 17 TO 22.
tures, it 1s necessary to introduce an amount of strong |
acid and/or Lewis acid at least equal to 0.05 mole per 1 49  The reactor described in Examples 1 to 16 was

mole of gem-dichlorinated cyclic ketones.

Since it is not always easy to determine accurately the
‘nature of the different gem-dichlorinated unsaturated
cyclic ketones in the chlorination mixtures, it is prefera-
ble to introduce an amount of strong acid and/or Lewis
acid comprising from 0.2 to 10 moles per mole of gem-
dichlorinated unsaturated cyclic ketones. |

In order to further illustrate the present invention and
the advantages thereof, the following specific examples

50

charged with the following materials:

(1) 2,3,4,4,6-pentachloro-2, 5-cyclohexad1enone 0.265 g
(0.001 mole);

(ii) 2,4,6-trichlorophenol (or 2,3,4 6—tetrachlor0phenol)
0.010 mole;

(ii1) acid compound: 0.0025 mole.
The procedure was described in Examples 1 to 16
Duration of the tests: 8 hours at 70° C.
Table II below reflects the nature of the phenolic

are given, it being understood that same are intended 5° compound and of the acid compound used, as well as

only as illustrative and in nowise limitative.
EXAMPLES 1 TO 16

‘A 10-cm3 glass reactor equipped with a stirrer was
charged with the following materials:

the results of the analyses performed after the treat-
ment.

TABLE 1I
% DC of the | YLD of Chlorophenoxy-

Chlorophenol chlorocyclo- % YLD of 2,3,4,6- pentachloro- phenols
TEST acid compound  hexadienone tetrachlorophenot phenol (in mmol)
Control B 2,4,6-trichloro- 27 11.2 0 0

phenol

none

Control C  2,3,4,6-tetra- 7 0 0 0



4,822,922

S
TABLE II-continued
% DC of the YLD of Chlorophenoxy-
Chlorophenol chlorocyclo- % YLD of 2,3,4,6- pentachloro- phenols
TEST acid compound  hexadienone tetrachlorophenol phenol (in mmol)
chiorophenol
none
Example 17 2,4,6-trichloro- 100 88.0 0 0.17
phenol
AlCl3
Exampile 18 2,4,6-trichloro- 100 50 0 0.17
phenol
FeCl3 |
Example 19 2,4,6-trichloro- 95.9 29 58.9 0
phenol |
TiCly |
Example 20 2,4,6-trichloro- 100 10 67.9 0
phenol
CF3S03H |
Example 21 2,4,6-trichloro- 70.7 - 429 29 0
phenol
H2S04
Example 22 2,3,4,6-tetra- 100 0 74.3 0
chlorophenol |
AlCl3

EXAMPLES 23 TO 26

A 10-cm3 glass reactor equipped with a stirrer was
charged with the following materials:
(1) 2,4,6-trichlorophenol or 2,3,4,6-tetrachlorophenol:
0.010 mole;

25

following materials:

(0.001 mole);
(11) acid compound: 0.0025 mole.

The procedure was as in Examples 1 to 16, for 8 hours
at 70° C.

compound and of the acid compound used, as well as
the results of the analyses performed after the treat-

ment.
TABLE III |
M
%0 DC of the Chlorophenoxy-
Chlorophenol chlorocyclo- %0 YLD of phenols
TEST acid compound hexadienone  pentachlorophenol (in mmol)
CONTROL D  2,4,6-trichlorophenol 2 2 0
none
Example 23 2,4,6-trichlorophenol 100 100 0
AlCl3
Example 24 2,4,6-trichlorophenol 100 39 0
CF3SO3H
Control E 2,3,4,6-tetrachlorophenol 2 2 0
none
Example 25 2,3,4,6-tetrachlorophenol 100 100 0
AlCl,
Example 26 2,3,4,6-tetrachlorophenol 100 100 0
CF3SOsH

M

TABLE IV

EXAMPLES 27 TO 38

A 30-cm? glass reactor placed in an oven at 70° C. and
Incorporating a magnetic stirrer was charged with the

(i) 2,4,4,6-tetrachloro-2,5-cyclohexadiene-1-one: 0.70 g;

(1) 2,3,4,4,5,6-hexachloro-2,5-cyclohexadienone: 0.30 g 19 (1) 2,4,6-trichlorophenol: 5.93 g;

_(111) acid compound: 0.10 g.

~ The reaction mass was melted before the reactor was
placed in the oven. The course of the reaction was
followed by withdrawing samples.

Table III below reflects the nature of the phenolic 35 lable IV below reflects the nature of the acid com-

pound used, as well as the results of the analyses per-

formed after the treatment.

M

%0 DC of the % YLD of 9% chloro-
Acid chlorocyclo- % YLD of 2,4,6- tetrachloro- phenols by
TEST compound Duration hexadienone  trichlorophenol phenol weight
Control A None 8 hr 2 0 0 0
Example 27 ZrCls 30 min 100 0 78.3 2.2
Example 28 TiCly 60 min 30.4 0 35.0 1.4
Example 29 HfCly 15 min 100 0 0.3 0
Example 30 CISO:H 30 min 100 0 70.0 0
Example 31 FeCl; 30 min 100 0 71.8 3.0
Example 32 FeBr; 30 min 100 0 59.4 1.2
Example 33 GaCl 15 min 100 0 80.1 3.0
Example 34 AICl; 15 min 100 0 68.7 10.0
Example 35 AlBr; 15 min 100 0 15.8 13.0
Example 36 PBry 30 min 46.6 0 354 0
0 72.5 1.0

Example 37 TeCly 60 min 100
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TABLE IV-continued
% DC of the % YLD of 9% chloro-
| Acid chlorocyclo- 9% YLD of 2,4,6- tetrachloro- phenols by
TEST . compound Duration hexadienone  trichiorophenol phenol weight
Example 38 SbCli 15 min 100 0 84.1 5.0
element of Groups 3a, 4a, 5a, 1b, 2b, 3b, 4b, 5b, 6b, 7b
and 8 of the Periodic Table. |
10 7. The process as defined by claim 6, comprising

While the invention has been described in terms of

' various preferred embodiments, the skilled artisan will -
appreciate that various modifications, substitutions,

omissions, and changes may be made without departing

- from the spirit thereof. According, it is intended that the
~ scope of the present invention be limited solely by the
scope of the following claims, including equivalents
thereof.

‘What is claimed is: -

1. A process for the stabilization of a reaction mixture
produced by the chlorination of at least one of a phenol
and a chlorophenol, which mixture contains at least one
gem-dichlorinated cyclic ketone, comprising stirring
said mixture in the presence of an effective stabilizing
amount of at least one of a strong protonic acid and a
Lewis acid.

15
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stirring such mixture in the presence of a chloride, bro-
mide, fluoride or iodide of aluminum, gallium, tin, phos-
phorus, antimony, arsenic, bismuth, titanium, tantalum,
tellurium, selenium, zirconium, hafnium, vanadium,
samarium, niobium, tungsten, platinum, molybdenum,
iron, cobalt, nickel, zinc or cadmium. |
8. The process as defined by claim 7, comprising
stirring such mixture in the presence of aluminum chlo-
ride, aluminum bromide, ferric chloride, ferric bromide,
titanium tetrachloride, zirconium tetrachioride, plati-
num chloride, vanadium trichloride, samarium chloride,

- tellurium chloride, selenium chloride, antimony penta-

~ fluoride, bismuth trichloride, stannic chloride, galllum

25

2. The process as defined by claim 1, comprising

stirring such mixture in the presence of a protonic acid
having an acidity function Ho of less than or equal to
-35.

3. The process as defined by claim 2, said strong
protonic acid comprising sulfuric acid, perchloric acid,
~ trifluoromethanesulfonic acid, chlorosulfonic acid,

fluorosulfonic acid, pyrosulfuric acid, or an acidic resin
containing fluorosulfonic groups.

4. The process as defined by claim 1, comprising
stirring such mixture in the presence of an acid form of
an aluminosilicate, an acid form of a clay, or an acid
form of a silica.

- 8. The process as defined by claim 4, comprising
stlrrmg such mixture in the presence of a zeolite, molec-
ular sieve, bentonite or silica. - |

6. The process as defined by claim 1, comprising
stirring such mixture in the presence of a halide of an

30

g o

trichloride, hafnium tetrachloride or phosphorus tribro-
mide.

9. The process as defined by claim 6, wherein said
halide is prepared in situ by introducing the correspond-
ing metal into the mixture of chlorination.

10. The process as defined by claim 1, said stirring
being carried out at a temperature of from 20° C. to 200°

11. The process as defined by claim 1, said stirring

 being carried out at a temperature of from 40° C. to 180°

35
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C. |
12. The process as defined by claim 1, said stirring
being carried out at a temperature of from 60° C. to 150°

13. The process as defined by claim 1, wherein the
mole ratio of acid to gem-dichlorinated cyclic ketones 1s
at least 0.05. |

14. The process as defined by claim 13, sald mole
ratio ranging from 0.2 to 5.

15. The product of the process as defined by claim 1.
* % Xx X x
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